One of the targets of the Sustainable Development Goals (SDG) is to reduce under-five mortality to 25 deaths per 1,000 live births by 2030. Unfortunately, most of the Sub-saharan countries are lagging behind. Nigeria is one of such countries with an under-five mortality rate of 128 per 1,000 live births. This calls for serious concerns. There is need to introduce measures to stem the tide. The aim of this study was to identify factors that increase the odds of under-five mortality in Nigeria.
INTRODUCTION
Under-five mortality rate is the probability (expressed as a rate per 1,000 live births) of a child born in a specified year dying before reaching the age of five if subject to current agespecific mortality rates. [1] In plain English, under-five mortality is the death of a child before his/her 5 th birthday. One of the targets of the Sustainable Development Goals (SDG) is to reduce under-five mortality to 25 deaths per 1,000 live births by 2030. [2] According to UNICEF, in more than a quarter of all countries urgent action is needed to accelerate reductions in child mortality to reach the SDG targets on ending preventable child deaths by 2030. [2] Of 195 countries analysed, 30 countries will need to more than double their current rate of reduction to achieve the target on time. These countries can be found in most regions of the world, but roughly two-thirds of the countries at risk of missing the SDG target are in sub-Saharan Africa. 2 Nigeria is among the countries that will not achieve the SDG on under-five mortality by 2050 if current trends prevail. The 2018 underfive mortality rate in Nigeria (as reported by UNICEF) was 138 per 1,000 live births. [2] This is a far cry from the SDG target which is 25 per 1,000 live births.
In order to reduce under-five mortality, it is important to identify factors that predispose children to under-five mortality. Identifying such factors will guide policy making and implementation. Over time several factors have crystallized from studies as possible determinants of under-five mortality. A number of studies have reported that maternal education is a determinant of under-five mortality. The studies revealed that under-five mortality was higher among children whose mothers had little or no formal education compared with those whose mothers had higher education. [3, 4] The importance of maternal education is based on the fact that education increases a mother's level of knowledge and skills, thus enabling her to effectively understand and utilize available information and resources critical for child health and survival. Maternal age has also been reported to affect under-five mortality. [5, 6] Birth order has been reported to affect under-five mortality. Some studies reported that higher birth order increased the odds of under-five mortality [7, 8] , while some other studies reported that birth order had no effect on under-five mortality. [9, 10] Similarly, gender has been shown to affect underfive mortality. A study in Kenya reported that under-five mortality was more likely in males [11] while another study in India reported that females were more likely to experience under-five mortality. [3] The effect of socioeconomic status on under-five mortality has been reported by some studies. A study in Nigeria reported higher odds of under-five mortality among the poorest households compared with the richest households. [12] On the contrary, a national study conducted in Tanzania did not find a significant effect of household socioeconomic status on infant and under-five mortality [8] . It is important to note that most of the studies mentioned never controlled for possible confounding factors. There is need to rule out possible confounders to identify true determinants of under-five mortality. The aim of this study therefore, is to identify determinants of under-five mortality in Nigeria after controlling for confounders.
METHODOLOGY

Setting
Nigeria lies on the west coast of Africa between latitudes 4º16' and 13º53' north and longitudes 2º40' and 14º41' east. [13] Nigeria occupies approximately 923,768 square kilometers of land stretching from the Gulf of Guinea on the Atlantic coast in the south to the fringes of the Sahara Desert in the north. The territorial boundaries are defined by the republics of Niger and Chad in the north, the Republic of Cameroon on the east, and the Republic of Benin on the west. Nigeria is the most populous country in Africa and the 14th largest in land mass. According to Nigeria's 2006 Population and Housing Census, the country's population was 140,431,790 as of 2006. [13] Nigeria is yet to conduct a national census after the 2006 Census, but 2019 estimate by the World Population Review placed the country's population at 199,566.817. [14] Presently, Nigeria is made up of 36 states and a Federal Capital Territory, grouped into six geopolitical zones: North Central, North East, North West, South East, South South, and South West.
Study Design
This is a secondary analysis of data from a nationwide population-based cross sectional survey called Nigeria Demographic and Health Survey (NDHS) 2013. The NDHS 2013 was done by the National Population Commission (NPC) of Nigeria with financial and technical assistance from ICF International through the USAID-funded MEASURE DHS program. This paper investigated the roles of some factors in Under-five mortality in Nigeria.
Sampling Technique
A detailed explanation of the sampling technique applied is in the full report of the 2013 NDHS. [13] The sample for the 2013 NDHS was nationally representative and covered the entire population residing in non-institutional dwelling units in the country. The sampling frame for the survey was the list of Enumeration Areas (EAs) prepared for the 2006 Population Census of the Federal Republic of Nigeria, provided by the National Population Commission. Population and health indicator estimates at the national, zonal, and state levels were provided based on the design of the sample. An important feature of the sample design was that it allowed for specific indicators to be calculated for each of the six geopolitical zones, 36 states, and the Federal Capital Territory, Abuja. Nigeria operates a three-tier levels of government: Federal, State and Local Government Area (LGA). Each LGA is divided into localities. These 3 levels of government are administrative units. In addition to these administrative units, during the 2006 population census, each locality was subdivided into census Enumeration Areas (EAs). The Primary Sampling Unit (PSU), referred to as a cluster in the 2013 NDHS, is defined on the basis of EAs from the 2006 EA census frame. The 2013 NDHS sample was selected using a stratified three-stage cluster design consisting of 904 clusters, 372 in urban areas and 532 in rural areas. A representative sample of 40,680 households was selected for the survey, with a minimum target of 943 completed interviews per state. In each cluster, 45 households were selected. In each household, all women aged 15-49 years were eligible to be interviewed. It was different for the men. All men age 15-49 years in half of the households were eligible to be interviewed.
Data Collection
The final report of 2013 NDHS contains detailed information on the data collection and questionnaires. [13] Data collection for the NDHS 2013 used three questionnaires: the Household Questionnaire, the Woman's Questionnaire, and the Man's Questionnaire. The content of these questionnaires was based on model questionnaires developed by the MEASURE DHS programme. The model questionnaires were modified according to the country's requirements, in consultation with a broad spectrum of government ministries and agencies, non-governmental organizations, and international donors, to reflect relevant issues. Data collection commenced in February 2013 and ended in June 2013.
Ethical Considerations
Ethical approval for this project was obtained from the ethical committee of ICF at Calverton, Maryland, USA and National Ethics Committee in the Federal Ministry of Health, Abuja, Nigeria.
Outcome Variable
The outcome variable is death before fifth birthday (under-five mortality).
Explanatory Variables
Selection of variables was based on previous studies. [15, 16, 17, 18, 19, 20] The following factors were considered in the study: Geopolitical zone of residence, gender of the children, maternal highest educational level, maternal number of births in the last 5 years, maternal current marital status, maternal current age, maternal current use of family planning, child's birth order, family size, family's wealth index, family's type place of residence (urban/ rural).
Statistical Analysis
All the explanatory (predictor) variables that were originally continuous numerical variables were re-coded into categorical variables. For ease of interpretation, some explanatory variables that were originally categorical were re-coded to reduce their groups. Descriptive analysis of both the explanatory and outcome (dependent) variables was done. Univariable binary logistic regression was used to examine the association between the individual explanatory variables and the outcome variable. Only explanatory variables that were statistically significant were incorporated into multivariable binary logistic regression. P-value ≤ 0.05 was considered statistically significant. IBM SPSS (Statistical Package for the Social Sciences) data analysis software (version 20.0) was used for the analysis.
RESULTS
Sample Characteristics
A total of 119,386 under-five children were considered in the study. Seventeen percent (20,239) died before their 5 th birthday. Out of the 6 geo-political zones, the North-west had the highest population (32.5%) while the South-east was the least represented (9.4%). The population of males (51.3%) was slightly higher than that of females (48.7% Table 2 shows the results of univariable (unadjusted) analysis. Before adjusting for possible confounders, the under-five children in the North-east were 100% more likely to die before their fifth birthday than the children in the North-central geo-political zone. Similarly, the children in the North-west geo-political zone were 155% more likely to experience under-five mortality than those in the North-central geopolitical zone. Being female reduced the odds of under-five mortality by 13%. Children whose mothers had primary education had lesser odds of under-five mortality (41%) compared with those whose mothers had no formal education. Similarly, those whose mothers had at least secondary education had lesser odds (62%) of dying before their 5 th birthday. Children whose mothers had 3 or more births in the last five years had 21% higher odds of under-five mortality than those whose mothers had less than 3 births in the last five years. Children whose mothers were in a union were 65% more likely to experience underfive mortality compared with those whose mothers were never in a union. Under-five children whose mothers were older than 35 years had 63% higher odds of dying compared with those whose mothers were less than 20 years old. Children whose mothers were using traditional/ folkloric family planning method had 112% higher odds of under-five mortality than those whose mothers were not using any family planning method. Children who were of the "5 th or more" birth order were 12% more likely to die before their 5 th birthday compared with those who were the first. Family size of greater than five was protective against under-five mortality by 13% compared with family size of "1 to 5". Belonging to the middle wealth index increased the odds of under-five mortality by 70% while belonging to the rich wealth index reduced the odds of under-five mortality by 33% compared with those who belong to the poor wealth index. The under-five children in the rural areas were 69% more likely to die before their 5 th birthday compared with those in the urban areas. Children whose mothers had primary education were 13% less likely to die before their 5 th birthday while those whose mothers had "secondary or higher" education were 32% less likely to die before their 5 th birthday compared with those whose mothers had no formal education. After adjusting for confounders, children whose mothers had 3 or more births in the last 5 years had higher odds (43%) of under-five mortality compared with those whose mothers had less than 3 births in the last 5 years. Children whose mothers were "currently in a union" were less likely (28%) to experience under-five mortality compared with those whose mothers were never in a union. Maternal age higher than 35 years increased the odds of under-five mortality by 189% compared with maternal less than 20 years. Children whose mothers were using traditional/folkloric family planning method were 27% more likely to die before their 5 th birthday compared with those whose mothers were not using any family planning method. Children who were of the "5 th or more" birth order had 24% less odds of underfive mortality compared with children who belong to the 1 st birth order. Belonging to a household with more than 5 members, conferred 37% protection against under-five mortality, compared with those whose households had 1 to 5 family members. Rich wealth index under-five children had 18% lesser chances of under-five mortality compared with the poor wealth index under-five children. Children who live in the rural area had 18% higher odds of under-five mortality. 
Univariable Analysis
Table3. Result of multivariable logistic regression analysis for under-5 mortality
DISCUSSION
Multivariable analysis revealed some important determinants of under-five mortality which remained significant even after adjusting for possible confounders. The geo-political zones of the children remained statistically significant even after controlling for confounders. The children in the North-west had 108% higher odds of under-five mortality compared with those in the North-central. Children in the North-east had 73% higher likelihood of under-five mortality compared with the North-central children.
Similarly, children in the South-east and the South-west had higher odds of under-five mortality (40% and 17% respectively) than those in the North-central. The differences between the Geo-political zones may be as a result of sociocultural differences, differences in sanitation and uneven distribution of some amenities such as power, potable water, health facilities, etc. In Ethiopia, the odds of death before age 5 were elevated in Amhara (OR = 2.02), Oromia (OR=1.97), Benishangul-Gumez (OR=2.47), SNNP(OR=2.17) and Gambela National Regional State (OR=2.45) compared with Addis Ababa region controlling for other variables in the model. 19 In our study, the female gender had 13% lesser odds of under-five mortality compared with the male gender, controlling for other variables in the model. A study in Ethiopia also reported higher odds of under-five mortality among males. [11] This may be as a result of the differences in the genetic makeup of males and females. In the index study, children whose mothers had "secondary or higher" education had 32% lesser odds of under-five mortality compared with those whose mothers had no formal education. Also those whose mothers had primary education had 13% lesser odds of underfive mortality compared with those whose mothers had no formal education. This agrees with the findings for several other studies. 21, 22, 23 The effect of maternal education on child survival may be because education improves socio-economic status, improves health knowledge, increases modern attitudes towards health care and also enhances female autonomy. Another finding in our study is that children whose mothers had "3 or more births" in the last five years had 43% higher odds of dying before their 5 th birthday compared with those whose mothers had "less than 3 births" in the last 5 years, controlling for other variables in the equation. This may be as a result of the effect of child spacing. A study done in Nairobi Kenya reported that a preceding birth interval of "less than 18 months" was associated with a two-fold increase in mortality risk compared with lengthened intervals of "36 months or longer". [24] Also Julie Davanzo et al, reported that "controlling for other correlates of infant and child mortality, shorter intervals between pregnancy were associated with higher mortality in the children". [25] In the index study, children whose mothers were "older than 35 years" had almost three times more likelihood (OR: 2.885) of under-five mortality compared with those whose mothers were "20 years or less". In the United States it was reported that the risk of infant mortality was nearly equal for infants born to mothers 25-29 years and 30-34 years of age. [26] But infants born to mothers 35-39 years of age had 18% higher risks and those born to mothers 40-49 years of age had 69% higher risks. 26 This agrees with the findings of our study. This may be explained by the genetic changes that occur in the body of a female as she grows older. These changes in the mother's body ultimately affect the offspring born at that older age. In our study, children who belong to the "5 th or more" birth order had 24% lesser odds of under-five mortality compared with those who are of the 1 st birth order. It has been reported that increased mortality occurs in the first birth orders because they are commonly born to very young mothers. [27] However, it must be noted that some studies have reported that higher order births were associated with increased risk of under-five mortality. [7, 8, 28] The finding of lesser odds of under-five mortality among the children in larger household size in our study is surprising because one can opine that there is expected depletion of resources in large families. A study in Bangladesh had a similar finding. [29] Children in the rich wealth index households had lesser odds of under-five mortality compared with those in the poor wealth index households. Some studies have reported that poverty is implicated in many cases of child deaths. [12, 30] It has also been reported in Nigeria that the chances of under-five mortality was higher in the poor wealth index. [12] This may be explained by the fact that higher wealth index families are better able to purchase healthcare. Also the lower wealth index families are more prone to having under-nourished children. In addition, the higher wealth index families' decision makers are more likely to have had formal education which impacts positively on the health of the children.
Rural children had 18% higher odds of under-five compared with urban children in our study. This is consistent with the findings of several studies conducted in several sub-saharan countries. [31, 32, 33] This disparity between the urban and rural areas has can be as a result of inequities in citing of health and health-related facilities, socioeconomic factors, socio-cultural beliefs and practices, and individual level risk factors.
At this juncture we wish to highlight some strengths and weaknesses of this type of study. This was a nationwide, population-based, crosssectional study. The sample size was also relatively large. Based on the fore-going, the findings from this study can be generalized to the general population. It is also worthy of note that the weakness of this type of study is inability to establish "causal effect". In addition, the data is a point prevalence data. One may not be able to say whether the data is time dependent thereby making "length bias" a source of concern. Another limitation of this study is the retrospective nature of the DHS data. This introduces "recall bias" in the reporting of events over the preceding 5-year period. In addition, the place of residence of some respondents at the time of the survey may have changed over the period from the date of birth of the child.
Having noted the above findings we recommend as follows: The federal government of Nigeria should partner with Non-Governmental Organizations (NGOs) to design interventions that will put into considerations determinants that have been identified. Both the federal and state governments should make efforts to balance the disparities between the urban and the rural areas while citing health-related amenities. Governors of the states in the geo-political zones that are worse-off should come together and develop regional strategy to tackle under-five mortality. There must be a reason some geo-political zones are faring better than others. Female education should be considered an emergency nationwide. Poverty eradication should also be on the front burner nationwide. ACKNOWLEDGEMENT: The authors are grateful to the Measure DHS program for graciously releasing the data of the 2013 NDHS at no cost to the authors.
